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TABLE &-Computations of total cotton production by the application 
of the constants of Ute equation of the straight line of bestst ,  sholvn in 
Table 7 ,  to the weather dnta and ginning reports for November. Cotton 
data given to neareat 1,000 runnbg bales, as reported by tlu Bureaic of 
the C m w ,  Department of CommtTce. 
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Column I.-Amount of eotton ginned during November. 
Column 2 -Computed percents e of the cotton remainhg to be ginned on November 

1 that was'glnned during Novem%m (computed from equations in Table 7, applied to 
&ather data). 

Column 3.4omputed amount remaining unghncd an November 1 (column 1 divided 
by wlumn 2). 

Column 4 -Amount nned prior to November 1. 
column 5 ~ o m  uteftotal crop (column 3, plus column 4). 
Column6.-Totaf crop, as reported by the Bureau of the Census, Department of 

Pnrnmprm. ---- - -. 
column 7.-Ppacents 
Nme.-These com u%.ions can be mado as soon as the ginning report for Derunbor 

1 is available, while %e actual tot& are.not available throngh the report ofthe Censua 
Bureau until the latter part d the followmg March, or later. 

of error io computed asuount. 

FORECASTING THE CROPS FROM THE WEATHER.' 
[Abstract of presidential address of R. 1. Hooker, belore Roysl Yete&oghl B0dety.p 

Mr. Hooker remarked that forecasts of the harvest fell 
into two main groups, viz, those which predicted the recur- 
rence of good and bad cro s in cycles, and those which com- 

or damaged by the weather during or shortly before the 
growin period. He outlined the evolution of the 

at different seasons of t e year and t e subsequent harvest. 
Originally writers such as Gilbert and Lawes could only 
examine the meteorological conditions in years of ex- 
ceptional abundance or scarcity. A great advance was 
made when Sir Rawson Rawson and, later, Sir Napier 
Shaw, from the study of an entire sequence of crops and 
previous weather conditions, suggested formulae from 
which the crop might be calculated, while still wider 

ossibilities were opened by the methods of correlation. 
kr. Hooker emphasized the necessit of taking the past 

abundantly clear, from comparison with actual forecask 
in India and elsewhere, that the weather was responsible 
for developments in the plant which were not visible to 
an observer surveying the young crops in the fields; and, 
although much work still remained to be done, the time 
was ripe for using statistics to confirm or modify the re- 
sults of direct observation of the growing plants. 

puted the actual amount g y which the yield was improved 

E R metho f s of ascertainin relationshi s between the weather 

weather into account in predicting t K e harvest, as it was 

1 uar. Jour Roy. Afei'l Boe Apr 1 9 1  4Zi5-99. 
'1 Seprinted horn Nat?&(Lozdm);'Ja. h, 1921, p. 714. 

BIOCLIMATIC ZONES DETERMINED BY METEOROLOQlCAL DATA.' 
By ANDREW D.Ho~sers .  

[U. S. Department ofdgriculture, Washington, D. C., Apr., lW1.1 
p/. 5 8 6  

In a comprehensive study of the relation of the Bio- 
climatic Law to the natural and artiiicial distribution of 
terrestrial plants and animals of the world the writer has 
developed a system of bioclimatic zones on the theory 
that a definite relation prevails between the range and 
limits of similar or equal zones of life and climate and the 
unit constants of time, distance, and the thermal mean of 
this law. 

While the study of this relation and the development of 
systems of tables of constants, charts, etc., is yet in the 
reliminary stawe, the fundamental idea of applying the 

raw to the s tux of life zones, as suggested in SUPPLE- 

has been developed, and tested, to a sufficient estent to 
warrant the presentation of the result relatin to a 

zona  that are represented by the meteorologicd stations 
of the world. 

The term Bioclimatic Zone has been ado ted to include 

zonal complex of responses, primarily to the solar factor, 
and secondarily to those represented by the variable 
features of the earth's surface. 

The classification of zones to meet the requirements 
of universal application is briefl as follows: 

The ma'or zones are the frigik tem erate, and tro ical, 
designatea by Roman numerals I, f I, and 111. h e s e  
ma'ors are divided into minor fri id, minor temperate, ad minor tropical, which are fesignated by Arabic. 
numerals. 

I. The Ma'or Fri id Zone is Arctic, Antarctic, and 
Alpine, w i t h k n o r  h g i d  1, 2, 3, and 4 from the poles 
and from higher to lower altitudes. 

MENT 9 of the d ONTELY WEATHER REVIEW-, 1918, p. 38, 

therinal mean principle of forecasting the biocimatic 9 

the elements of both life and climate that c x arscterize the 

11. The Major Temperate Zone is south and north of 
and below Major Fr ied I, with Minor Tern erate 1,2,  8, 
4,5,6, and 7, south and north of and below &nor Frigid4. 

111. The Major Tropical Zone is south and north of 
and below Ma'or Temperate I1 with &finor Tropical 1,2, 

This system of designations and classification of the 
zones is with the idea of adopting a terminology that is 
applicable to any continental or insular area of both 
hemispheres, instead of the usual names based on geo- 
graphical features, .political divisions, regions, etc. , of 
one country or continent. 

The major zones of this classification are not different 
from those which have long been recognized, exce t that 
their oleward and equatorward limits do not fo R ow Ihe 

The minor zones corres ond in general to the minor 
temperate zones 1 by Dr. Merriam for North 
America, but his gg : i an  and Canadian do not a pl 
to other continents and Austral and Sonoran for drd 
America do not apply in the same way to South America 
or Africa. 

3,4, south an d north of and beiow Minor Temperate 7. 

para1 Ip el8 of latitude even at $ea level. 

CHARACTERIZATION OF BIOCLXMATZC ZONES. 

Each major and minor zone is characterized by some 
eculiar element or group of elements of life and climate gh. which it may be recognized anywhere on the face of 

t e earth where it is represented by greater or less land 
areas. 

The index or characterization elements of the minor 
zones and their subdivisions into sections are many and 
varied. Some of the principal ones are the t h e m d  

1 Presentad befm the American Meteorological Society, Wdington, D. C., Apr. a0 , lOl .  
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index, life type and ecological index, the igophane and 
dtitude index including timberline, and the phenological 
index. 

Among these features of characterization the thermal 
mean is fundamental as a response to the solar fact,or; 
therefore, no matter to what extent the physical aspects 
as to climate, weather, topography, soil, etc., may vary, 
the normal range of the characterizin temperature, 

up er altitude limits of a given major or minor zone, 
wi8, in yneral, remain the same. 

There ore, it is to temperature that we must look for 
the most reliable guide to the preliminary interpretation 
of the distribution and range of the zones, so far as they 

resent the normal 

between the poleward and equatorwar C f  or lower and 

heres, computed from t,he records a t  an intercont.inent,al 
lase. After some months of study of the recorded means 
sea level isotherms, etc., from different parts of the 
world, a preliminary table was prepared with Parl- \ers- 
burg, W. Va., as the intercontinental base station; the 
normal annual July and Janua.ry means for 153 years 
as the base data; the thermal unit c.onstant or gradient 
of 1' F. to each one degree isophane as the unit of 
com utation the principle of modified thermal influence 

higher altitudes' as the correcting element. and the 
numerical designations of bioclimatic zones c.orresponding 
in ieophanal range with a corresponding range in the 
thermal mean for each minor zone a.nd its lower, middle 
and upper section. This table enables us to indicate 
the zone represented by the geographical osition of 
any meteorological stat.ion in the world, !y simply 
comparing its recorded means with the corresponding 
thermal constants of the table. 

The recorded means rat over 600 stations iven in 

the practimbility of the thermal method of zonal pre- 
dictions, with the result that in nearly every case the 
recorded mean gave the correct zone a.s represented by 
the later life zone maps of the Biological Survey. More 
recently the records of many hundreds of stations, 
principally in Eurasia have been compared with the 
table of constants with most encouraging results. 

The thermal principle is based on the theory that- 
1. The temperature below that favorable for life 

activities durin . the coldest month, Janua.ry, north, and 

ward or higher altitude limit of the species which charac- 
terize a warmer zone. 

2. The temperature above that favorable for the be- 
ginnii of life activities durin the hottest nionbh, July, 
north, and January, south of the Tropical zone, con- 
tributes to the equatorward or lower altitude limit of 
the species which characterize a colder zone. 
In the a lication of this principle the following rules 

1. When the annual July and January means give the 
same zone and approximately the same section of the 
zone, it re resents what may be termed a nqrmal or a 

on l? ife activities with higher and lower latitudes and 

Bulletin Q of the Weather Bureau were utilize f to test 

July south of t % e Tropical zone contributes to the pole- 

are to be PE o owed: 

balanced c P h a t e  as related to zonal charactenzation, so 
I Hopldnr, A. D.: Mo. WEATHEB REV., Apr., 1920. 48; 214-215. 

that either the annual July or Januq or the average of 
the July and January means will indicate the zone and 
position within the zone represented b the station. 

2. When there is a more or less wi J e variation in the 

perature relations are more equally balanced, as related 
to the zones, Rule 1 ap lies. 

eastern coast of North America, the annual July or 
January gives minor zones - 4 + 5: and for Tokyo, Japan, 
on the enst coast of Eurasia, on about the same isophane, 
the annual and July means give minor 0 5 and the January 
- 5,  so that any one of the means in bothof these examples 
indicates ap roximately the correct zonal position. 

west coast of North America, and about the same 
is0 hane as Example 1, the annual and the average of 
Ju and Januarymeans give minor - 3, the July minor - 1 , 
an f the January minor 06, and for Rorii, Norway, on the 
western coast of Eurasia, and on about the same isophane, 
the annual and the average means give minor-2+3, 
while the July mean gives - 1 + 2, and the January+ 5. 
In  both of these examples the annual mean indicates the 
correct zonal position. 

Under Rule db for Willow City, N. Dak., in central 
North America, the July mean gives - 2 + 3, the annual 
- 1 +2, and the January and the average of the July and 
January means ve 01, and for Slatoust, Russia, in 

temperate + 1, the January,frzgid + 0.4 and the average 
Jul and January gives temperate + 1. 2 both of these examples the July mean indicates the 
correct zone. 

It must be remembered that the thermal mean is only 
one of many methods of indentifying the zone represented 
b a eogra hical position and therefore is not to take 
d e  pkce o[ but to supplement, the other methods. Its 
value, however, in making relimina predictions when 

fact that, for a thousand or more stations, the predictions 
by this method appear to ree closely with the facts and 

by any method short of a detailed survey. 
Therefore, when we learn to recognize and properly 

interpret this, and the various other guides to the major 
and minor features of the bioclimatic zones,, it will be 
an easy matter to not only determine the zones repre- 
sented by a given region and section of the country 
but what section or minor element of a zone is represented 
b a certain place on a given farm. Then we will r e h e  
a$, and far more, than Dr. Merriam and others have 
claimed for the life zones, as guides to the development 
of human welfare in food, health and prosperity. 

For examples, vnder 4- d e  1, for Millsboro, Del., on the 

Under Ru r e da, for Tatoosh Island, Washmgton, on the 

central Eurasia, !i t e July gives temperate 02, the annual 

no other method is availab Y e is clear P y indicated in the 

in many cases do agree as c P ose as they can be determined 

I - equals lower; +, upper; -0, lower middle; +a, upper middle; and 0, middle 
sections of a minor zone. 


